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A. MICROWAVE PHONON EXPERIMENTS
Further modifications have been made in the system for generating monochromatic
phonons of X-band frequency, described previously by Carr and Strandberg. 1 In partic-
ular, a second re-entrant cavity and receiver system, proposed by Tepley, has been
constructed and operated. The two cavities are essentially identical, except that the
original cavity is end-coupled to the waveguide by means of a coupling iris, and the new
cavity is side-coupled by means of an electric probe. The two cavities track each other
in frequency within 1 mc from room temperature to liquid-helium temperature. The
present equipment permits the two cavities to be operated with the space between them
variable from 0. 375 inch to 1. 5 inches so that a wide variety of samples can be inserted
between them. Hypersound has been successfully transmitted through X-cut quartz rods
from one cavity to the other.
Bonding techniques have been studied by means of both reflection and transmission
experiments. Figure III-1 shows a reflection experiment on two quartz rods whose
lengths are in the ratio 2. 36:1. Secondary pulses that have traversed the bond and been
reflected from the free end of the second rod are clearly visible.
The transmission apparatus described here has also been used to study acoustic
bonds. Two quartz rods of equal length have been bonded together with various bonding
agents. Figure III-2 shows the results of one such experiment. The amplitude of the
pu-,ses that have passed through the bond into the receiver cavity compared with that of
the echoes in the transmitter cavity is indicative of the over-all bond efficiency. The
bonding agents tested thus far have been Nonaq stopcock grease, Dow Corning DC-Z00
silicone fluid (viscosity 20 centipoises), and indium. The bonding technique is compli-
cated by the fact that many satisfactory acoustic bonds at liquid-helium temperatures
are liquids at room temperature. The method employed to circumvent this problem has
been to add the bonding material between the surfaces to be bonded, place the rods under
compression, and then to cement the rods together with Duco cement applied to the sides
of the rods. These bonds are probably quite sufficient to make attenuation measure-
ments in metals, although a number of other materials will be tried before the bonding
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Fig. III-1. Reflection echo pattern from 1.18-inch quartz rod bonded
to 0.50-inch quartz rod with "Nonaq" stopcock grease.
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Fig. 111-2. Reflection echo pattern from two 0.50-inch quartz rods
bonded together with "Nonaq" stopcock grease.
Transmission echo pattern of the same bond shown in
(a). The first large pulse is leakage of the incident
magnetron pulse between cavities.
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experiments are terminated.
Another series of experiments was performed in an attempt to determine the depend-
ence of phonon generation of the general configuration of the electric field in the region
of the gap of the re-entrant cavity. For this purpose, a new helium head has been con-
structed with a facility for easily interchanging cavities. The only new cavity tested,
thus far, has been a copper one with a rounded post whose radius of curvature is slightly
greater than the radius of the quartz transducer rod. The edge of the hole through which
the quartz rod passes has also been rounded. The electric field in this cavity is there-
fore diverging with strong components transverse to the direction of the axis of the
transducer rod. Experiments with this cavity clearly indicate that it is possible to gen-
erate all three acoustic modes in X-cut quartz simultaneously. Figure III-3 shows the
echo pattern obtained from this cavity. The a. refer to the longitudinal mode (theoreti-
cal velocity 5. 75 X 105 cm/sec); the p refer to the slow transverse mode (theoretical
cal velocity 3.36 X 105 cm/sec); and the yi refer to the fast transverse mode (theoretical
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Fig. 111-3. Reflection echo pattern from single 0. 50-inch quartz rod in copper
th .th
rounded-post cavity. a. labels the i longitudinal echo; pi, the i
th
slow transverse echo; yi, the i fast transverse echo.
velocity 5.18 X105 cm/sec). 3 It may be quite useful to be able to generate all three acous-
tic modes simultaneously in experiments involving acoustic attenuation in metals for
which theory indicates striking contrasts between cases of different phonon polarizations.
J. M. Andrews, Jr., N. Tepley
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B. SPIN-LATTICE RELAXATION
Mattuck and Strandberg have shown that the dominant terms in the spin-phonon inter-
action Hamiltonian for iron-group spins can be expressed as a sum of second-order spin
tensors.1 The coefficients of these operators determine the magnitudes of the lattice-
induced transition probabilities that characterize the relaxation modes of a given crys-
tal. The problem of extracting these parameters from relaxation data is quite complex.
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Fig. 111-4. Energy levels of ruby at 55'
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For a four-level spin system, the recovery to thermal equilibrium is described by
three time constants. Special magnetic-field orientations must be chosen so that these
time constants can be separated experimentally and related directly to the transition
probabilities.
In ruby, these conditions are fulfilled at the 550 orientation for which the energy
levels are split symmetrically as shown in Fig. III-4. The results of the relaxation
experiments performed at this orientation are presented here.
A K-band pulsed magnetron was used to saturate the 1-4 transition at 2066 gauss,
and the simultaneous relaxation of the 1-2, 3-4 lines was observed at X-band on the elec-
tronic Smith Chart Plotter. 2 At 4030 gauss, a similar experiment was performed by
saturating the 1-3, 2-4 transitions and observing the recovery of the 2-3 line. These
transitions are shown in the energy-level diagram in Fig. 111-4.
Because of the symmetry of the spin states at this orientation, the following rela-
tionships between the transition probabilities are expected:
12 W34 W13 = W24'
where W.. is the transition probability from state j to i.1]
With these restrictions, the solution of the rate equations for the energy level popu-
lations is
AN 1  -1 d d
+  c 1 exp(-kt)
AN 2  1 -1 1 c 2 exp(-k 2 t)
AN 3  1 1 -1 c3 exp(-X 3 t)
3 th
and AN - 2 AN.. Here, AN. is the difference between the population of the ith level4 i1 1 1i= 1
and its equilibrium value, and
1 W12 13+ T
23 W 1 2 + 1 3 + W 14 +23 12 13) 2+( 
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with W.. = . T represents a cross-relaxation time that must be introduced
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because of the strong interaction between the coincident lines at this orientation. The
constants c 1 , c 2 , c 3 are determined by the initial conditions.
(a)
(b)
Fig. 111-5. (a) Relaxation curves.
(b) Smith Chart display.
For the experiment in which the 1-4 transition is saturated, c 1 = 0, and the relaxa-
tion of the 1-2, 3-4 lines is described by two time constants.
AN 1 - AN 2 = AN 3 - AN 4 = ANo[(d+1) exp(-t) + (d -1)exp(-k3t)].
For the 2-3 line, saturating the 1-3, 2-4 transitions gives the relaxation curve
AN 2 - AN 3 = ANO[(d + - 1)exp(-X2 t)+ (d'+1)exp(-k 3 t)].
In both cases, the fast cross-relaxation mode that is normally present at such har-
monic points does not contribute because of the symmetric pumping conditions.
Figure III-5a shows typical relaxation curves that were obtained, and Fig. III-5b
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Curve of 1-2, 3-4 relaxation data.
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Fig. 111-7. Curve of 2-3 relaxation data.
shows the corresponding Smith Chart display. The heavy line is the Q circle with the
magnetic field detuned from resonance, and the others result from a time exposure of
the recovery of the transition to thermal equilibrium.
The relaxation data were corrected for the Smith Chart nonlinearities and
the resulting curves are plotted in Figs. III-6 and 111-7. In both experiments,
the tail of the relaxation curves accurately gives the longer relaxation mode,
and when this is subtracted, the result is clearly a single exponential over
three time constants.
J. R. Shane
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C. EXPERIMENTS ON DOPED POTASSIUM TANTALATE
The electron paramagnetic resonance investigation of single-crystal potassium tan-
talate containing small amounts of iron, manganese, and cobalt continues. Both optical
absorption and magnetic resonance data have been obtained. Some preliminary results
for the cobalt-doped material will be presented in this report.
Single-crystal potassium tantalate containing approximately 0. 02 mole per cent Co
-1
exhibits a single absorption band in the visible range centered at 21, 700 cm with a
-1
linewidth at half-maximum of approximately 5000 cm-. A typical curve of optical
density versus wavelength is shown by the solid line (room-temperature curve) in
Fig. 111-8. The strong absorption at shorter wavelengths is believed to be the funda-
mental absorption edge of the host lattice. An estimate of the oscillator strength for
the absorption band can be obtained from Fig. III-8 and the known cobalt concentration,
0.35
Fig. 111-8.
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Optical density versus wavelength for KTaO3 :Co.
QPR No. 67
(III. MICROWAVE SPECTROSCOPY)
6
5
4
402 -20 -4 -601I
-20 -40 -60
T(OC)
-80 -100 -120 -140 -160
Fig. 111-9. Temperature dependence of optical absorption in KTaO3:Co at 0. 5 p.
and is found to be approximately 5 X 10- 5 . This is of the order expected for the "forbid-
den" electric dipole transiton within a 3d manifold. The dotted line in Fig. III-8 is the
optical absorption curve at the temperature of liquid N2 . The absorption peak is seen
to be shifting to longer wavelength or lower energy. To investigate the temperature
dependence of this shift, the optical spectrometer was set at 0. 5 micron and the absorp-
tion was recorded as the crystal cooled to dry-ice temperature. These data are plotted
in Fig. 11-9, and show clearly a line shift to higher energy upon initial cooling, followed
by a strong shift to lower energy.
A possible explanation for this behavior is contained in the energy-level diagram
for Co 3 + as calculated by Tanabe and Suganol and reproduced by J. S. Griffith.
2
5 5The weak field "allowed" transition is T 2 - E, while the strong field transition is
1 1A1 1, as shown in the partial energy-level diagrams of Fig. III-10. A shift of
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Fig. III-10. Partial energy-level diagram for Co 3 +
in octahedral surroundings.
the absorption band to higher energy upon initial cooling followed by reversal to lower
energy may arise from the increased crystalline field strength that is expected to accom-
pany thermal contraction during cooling, provided that the room-temperature crystalline
field places the Co3+ ion very slightly to the left of the boundary between the high-spin
5 T 2 ) and low-spin 1A) ground states in Fig. III-10.
Lack of magnetic resonance at 4. 2 0K tends to point to the low-spin or diamag-
netic state at low temperature, while lack of magnetic resonance at room tempera-
ture may merely mean that spin-lattice broadening prevents observation of magnetic
resonance.
Magnetic susceptibility data have been obtained at 300*K and 1.4 "K. The results
-6are a diamagnetic molar susceptibility of -42 X 10- 6 at room temperature and a para-
magnetic molar susceptibility of +90 X 10- 6 at 1.4 0 K. Whether the low-temperature
paramagnetism is due to Co 3 + in a high-spin ground state (this would throw out the pres-
ent theory), Ta 4 + ions, temperature-independent paramagnetism or other magnetic
impurities is not known at present.
S. H. Wemple
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D. DOUBLE-RESONANCE EXPERIMENT
Work on double resonance has been mainly oriented toward utilizing full sensitivity
of our spectrometer. At present, the spectrometer is equipped to phase-detect modu-
lated signals at either 50 cps or 6 kc. In the double-resonance work this modulation
can be applied to either the magnetic field or the endor radiofrequency signal. When
applying modulation to the magnetic field the spectrometer must be set for X' measure-
ment, and the residual electron-spin resonance signal must be bucked out to utilize full
amplifier gain without saturation. One must also lock to an external cavity for klystron
stability. We found that operation in this manner was not suitable for detection of the
low-level nuclear signals, on account of the amplification of the drifts of the X' signal,
whether from changes in helium level or in mode displayed by the spectrometer. Drifts
of several centimeters per second on the chart recorder are experienced.
To circumvent the need of a bucking signal, the radiofrequency signal was amplitude-
modulated 50 cps. One can then operate with the spectrometer set for X" measurement
with locking to the sample cavity. Endor signals were not observed, but inasmuch as
the electron signal indicated that the 50-cps system did not have as much sensitivity
as the 6-kc system, this was repeated with 6-kc amplitude modulation. The resultant
experiments showed that from 20 db to 30 db of pickup appeared at the recorder. Pickup
of this level was not noted when 50-cps modulation was used. Provision has now been
made to frequency-modulate the radiofrequency generator, and some shielding has been
added.
The lack of pickup at 50 cps would seem to indicate a smaller sensitivity in this sys-
tem than at 6 kc, rather than some selective rectification process; therefore the FM
work will be done at 6 kc.
P. F. Kellen
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